Introduction
All processes and decisions in business environment are apt to uncertainty. The wrong estimations and misjudgments are the result of uncertainty. We should monitor and manage uncertainty continuously since it has critical impacts when exposed late. Due to increased uncertainty, the significance considerations of risk have grown. We have noted this term being applied in various fields such as marketing [1] , management [2] , health care [3] , decision theory [4] , finance [5] and emergency planning [6] . We events which may occurs in supply chain and impact the predictable flow of components and materials. These disruptions can be either internal or external to the organization, but internal to the supply chain network and external to the environment are observed as supply chain risks. Many problems are due to supply chain risks such as increasing production cost, cause losses to the organization, stock out, long lead-times, and disability to meet customer demand. Then, the estimation process of supply chain risks has become the necessity of the hour.
Since uncertainties are the major barriers in analyzing risks then we need to use theories for handling it. Neutrosophic theory is a very important theory for handling uncertain, incomplete and vague information Neutrosophic theory was introduced by Smarandache in 1995 [7] . It was expanded and developed from classic, fuzzy, and intuitionistic fuzzy theory, etc. A single-valued neutrosophic set (SVNS) was proposed in [8] , in order to make the application process of neutrosophic sets easy to use Three membership degrees include the truth, indeterminacy and falsity degrees are the main parts of neutrosophic set.
For quantifying risks in supply chain, we combined the analytic hierarchy process (AHP) and the technique for order preference by matching similarity to the ideal solution (TOPSIS) using neutrosophic set. The proposed method will help in making precise decisions and deal effectively with risks analysis and management So the main contribution of our research is to review all definitions of risk and the evaluation methods. We also reviewed existing definitions of supply chain risks and then make understanding it very clear and simple. Also for measuring risks in supply chain we proposed a model which integrates AHP and TOPSIS techniques using neutrosophic set. The proposed model enables us to manage and analyze risks efficiently and effectively via handling uncertainty by deeming all sides of decision making process: truth, indeterminacy and falsity degrees. We can apply the proposed model in various fields such as finance, marketing, etc. We are the first to integrate AHP and TOPSIS in neutrosophic environment for quantifying risks in supply chain. By quantifying risks in supply chain, we presented how to achieve the customer value which drives by ''perfect order'', in our case study.
The residue part of this research is as follows: Section 2 reviews existing literatures about supply chain risks and utilized techniques for measuring it. Section 3 provides a detailed explanation of supply chain risks, its characteristics and types. Section 4 introduces the proposed method for quantifying supply chain risks. Section 5 presents a real application of proposed model for measuring supply chain risks. Comparison with other existing methods appears in Section 6. Section 7 concludes the paper and illustrates future trends.
Literature review
Supply chain problems such as unexpected changes in flow of materials due to delays or disruptions are the result of supply chain risks [9] . The disruptions are difficult to determine and it is very harmful to organizations. The disruption can be short or long term, extending from minor to major, and has a damaging impact on organization. The mismatch among supply and demand defined as supply chain risks.
The supply chain risks and its management procedure increased in the last period in several surveys, practitioner conferences and consultancy reports [10] . Most research seeks to make the supply chain more robust, efficient in dealing with disruptions. Authors in [11] noted that there exist an increase in the volume and possibility of disruptions. The IBM believed that the supply chain risk management (SCRM) is the second most significant matter for them [12] . Authors in [13] noted that the better SCRM is required by 46%. The authors in [14] noted also that the SCRM is very important in modern industrial and economic environment. The supply chain risk management's information is qualitative in almost research topics, but recently several quantitative methods have been adopted as in [15] [16] [17] [18] . We quantify supply chain risks in our research paper by integrating cognitive map with neutrosophic AHP and neutrosophic TOPSIS for the first time.
The AHP and TOPSIS techniques are multi-criteria decision making techniques. They can be used for solving both qualitative and quantitative problems, and able to obtain the superior alternative relevant to given criteria and sub-criteria. The AHP has been used to assess and manage supply chain risks in various research topics as in [19] [20] [21] [22] . In order to handle vague information, fuzzy AHP has been used in handling supply chain risks as in [23] . Because fuzzy theory deems only truth-membership degree and fails to consider indeterminacy and falsity degrees, neutrosophic AHP introduced in many research topics as in [24, 25] to overcome fuzzy drawbacks.
The most widely MCDM technique is the TOPSIS technique for its capability to find both ideal and not ideal solution, and its computation simplicity [26, 27] . Various multi-attribute decision making problems have been solved by TOPSIS technique. The TOP-SIS technique has been used for managing supply chain risks by several authors as in [28, 29] . The TOPSIS technique introduced in neutrosophic environment in several research topics as in [30, 31] .
The AHP integrated with TOPSIS technique using fuzzy theory for measuring supply chain risks as in [29] . In order to overcome the drawbacks of fuzzy set we are the first to integrate AHP with TOPSIS in neutrosophic environment for quantifying supply chain risks.
Supply chain risks
The European concept of risk returns to the term rhizikon which is a Greek navigation expression means ''avoiding difficulties at the sea'' [32] . Risk became notable in mathematics at the beginning of the 17th century, when Blaise Pascal and Pierre de Fermat began to size uncertainty in gambling [33] . The probability theory has evolved as a result of their work and still controls the new concept of risk [34] . According to Schoenherr et al. [35] the risk is the probability of occurrence of realized hazard and volume of the occurrence. Risk is also defined as the probability of alteration in the occurrence of an event that has either positive or negative impacts. Risk also defined as a set of uncertain events which affect on achieving objectives. It also defined as a probable event which could cause damage, or loss, or affect the achievement of objectives. Risk also defined as the negative outcomes due to uncertain situations.
Supply chain risk (SCR) is defined as the ''divergence in the distribution of potential outcomes of supply chain, their probability and their subjective values" [36] . The authors in [37, 38] defined SCR as the appearance of an accident with the disability of the influenced firms to deal with consequences. Also the authors in [39] defined SCR as the potential and influence of mismatch among supply and demand. It is also defined as anything which disrupts the information, materials or the flow of product from original suppliers to end users [40] . The classification of SCR returns to various perspectives, for example as from financial risk agenda, or corporate governance, or multi-level complex system. The first classification of supply chain risks is the internal and external risks. The external risks such as natural disasters, and internal risks such as quality problems of supplier. The supply chain risks also classified to strategic, tactical and operational risks. The comprehensive classification of supply chain risks is presented in Fig. 1 .
In Fig. 1 , supply chain risks are classified to internal risks (managed risks) and external risks (uncontrolled risks) summed up as follows: The main characteristics of SCR as in Fig. 2 . Fig. 2 , represents the main characteristics which lead nowadays to understand supply chain risks: the estimation of SCR is tightly concerning with the objectives to be achieved by the organizations in their supply chain. The expositions of uncertain and unexpected events in supply chain are the degree for achieving objectives. The disruptive triggers, ability of supply chain to deal with demands, and time based aspects which align the appearance of the disruptive triggers to the actual status of the supply chain. The importance of probable and non-accomplished objectives can be estimated by quantifying the risk attitude of the decision makers
The efficient planning, monitoring, and controlling of company's capital resources are the aim of ''objective driven risk''. The objectives can be achieved efficiently or effectively. Efficiency means achieving objectives with minimum spending of resources. Effectiveness means achieving desired objectives whatever the circumstances.
The exposition of risk is determined by the following two factors. First, it is the appearance of triggering events determined by the probability of occurrence and its impact in supply chain. Second, it is the supply chain characteristics determined by vulnerability or resilience concepts. The scope in which supply chain is volatile to a specified or unspecified risk event is the supply chain vulnerability. The capability to conquer vulnerability is supply chain resilience.
Additionally, when pointing to disruptive triggers and the readiness of the influenced supply chain, the time aspects need to be considered. Disruptive trigger is determined by using the concepts of probability and events.
The attitude of decision maker toward risk is the key method for specifying risk. The risk seeking risk neutral and risk averse are the three groups for specifying subjective perception and the significance of risks Since supply chain risk management (SCRM) is often vague, uncertain and ill-defined, so that we need to measure, manage and predict all triggering events via representing them in mathematical models. The SCRM is defined as the application of strategies to manage both every day and extraordinary risks in the supply chain. It is based on continued risk estimation, aiming to minimize vulnerability and guarantee continuity [42] . The SCRM means that risk management process tools are used to evaluate and deal with risks and uncertainties. The managing process of risk presented in Fig. 3 . The first step begins with identifying internal and external environment of enterprise. Then, the enterprise should prioritize and address its risk effectively. For prioritizing and addressing risks, enterprises will need to determine criteria for identifying what may cause a risk to its operations. After identifying risks, the enterprise should perform a risk assessment process which contains risk identification, risk analysis, and risk evaluation. The risks which should be involved in risk management process and those which should not must be distinguished in risk assessment process. Risk identification may require using a list of external risks and internal risks.
Risk analysis means the estimation process of the likelihood and consequence of risks which face the enterprise and prioritizing them for treatment. For understanding the nature of the risk and rating the likelihood and consequence of inherent risk and residual risk, the enterprise should use advanced methods such as the bowtie method. An example of the bow-tie method appears in Fig. 4 .
By using the bow-tie method we can distinguish clearly among causes and consequences, determine actions that minimize the likelihood that a risk will occur, and determine actions that minimize the magnitude of consequences if a risk occurs. An example of cause and consequence analysis is the bow-tie risk analysis method, and it obviously connect treatment actions against each extent of a risk event.
The assessment process of the probability and consequence of enterprise's risks should be performed before and after the treatment for evaluating residual risk levels against acceptable risk levels, which names ''risk tolerance". If a residual risk is greater than the enterprise's risk tolerance, then we need to provide further risk treatments for reducing the residual risk. The enterprise can estimate its risk tolerance via a risk ''frontier'' graph as in Fig. 5 . If the value of likelihood or consequence is large, then we need to reduce or eliminate risks via using various buffering such as multiple suppliers or safety stocks. Each organization and supply chain has a unique level of acceptable risk. These levels may differ according to goods, service, or time. Various risk-tolerance levels may be set for various levels of the enterprise.
Another way to evaluate risk is by using a ''heat-map'' that shows risk-events on a matrix determining probability and consequence levels. This method enables managers to define the relative likelihood and consequence of various risks. For using this technique effectively we should prioritize risk by the matrix of likelihood and consequence, just like the heat-map method appears in Fig. 6 . This allows the stakeholders to easily spot the urgency and importance of different risks.
After understanding supply chain of enterprise and analyzing its potential risks, we can execute an efficient program for supply chain risk management. This program should provide three things: protection of supply chain, reacting to events, and keeping business operations while regaining from events.
The persistent communication and consultation as well as monitoring and review during this process must be undertaken by the enterprise. The monitoring and review process includes assessing the impacts of risk treatment and maintaining a plan for responding to changes which affect elements of the supply chain.
We can categorize various decisions of risk management process as follows:
1. Avoidance: a simple means of risk management process is avoiding risk. 2. Acceptance: it is approved to accept risks as they are in some cases. Its efficient decision for very trivial risks. 3. Compensation: its means taking on risk to substitute another. It is a popular method in finance for minimizing exposure. 4. Transferring: it means transferring risk to another party via insurances or by contracting with non-insurance party. 5. Reduction: it means reducing the probability of an unwanted event or shorten sits impact. 
Motivation for this research
Since the classical qualitative and quantitative risk analysis methods have some drawbacks such as:
1. The quantitative methods depend on the range and accuracy of knows measurement scale, 2. The results of risk analysis process may be not accurate and even confusing, 3. The classical methods must be reinforced in qualitative characterization, 4 . The analysis which obtained with application of those methods is expensive, requiring more experience and preceding tools, 5. Also the quantitative methods of analyzing risks uses the probability distributions to depict the risk's probability and the classical theory of probability fails to consider indeterminacy, for example, if we toss a regular dice on a patch surface that has cracks, then it is probable to obtain the die stuck on one of its edges or vertices in a crack (indeterminate outcome). So the space is in this case: { 1, 2, 3, 4, 5, 6, indeterminacy} , then we can conclude that classical probability fails to deal with indeterminacy which exists usually in real world. The qualitative methods have also drawbacks such as:
1. The qualitative methods of analyzing risk does not analyze it mathematically for identifying the probability and distribution, 2. Based on expert judgment which are usually vague, inconsistent, uncertain in nature,
Since the main obstruction in risk analysis comes from the fact that there exist some subjectivity, and the input from experts judgments are subjective estimations, and for dealing with this subjectivity many theories have used such as fuzzy theory and grey analysis theory. Since fuzzy theory fails to consider indeterminacy which exists usually in real applications, then it fails to handle vague, inconsistent and uncertain information effectively. For dealing with vague, uncertain information effectively and efficiently, neutrosophic theory has been introduced by Smarandache in 1995. The key membership degrees in neutrosophic are the truth; indeterminacy and falsity degrees which simulates the natural process of decision making. Two common methods used in our research which are neutrosophic AHP and TOPSIS. We combined the benefits of neutrosophic theory with MCDM techniques which are AHP and TOPSIS. Since neutrosophic theory considers indeterminacy, and then it can handle uncertainty and help in making precise decisions.
Methodology
In this section we propose a methodology to quantify risks in a supply chain by combining neutrosophic theory with AHP and TOPSIS techniques
Cognitive maps
For brainstorming and obtaining the estimation criteria by decision makers, the cognitive maps have been used in operation research studies [44] . In decision making process the decision makers uses certain mental models for estimation.
In this phase we invite the experts in the supply chain field and ask them to determine all possible risks. The experts should then discuss and compile all supply chain risks criteria. This phase took around 2 h to complete. We used the online questionnaire and personal interviews for obtaining information from supply chain experts and make a representation of cognitive map. 
Neutrosophic AHP-TOPSIS technique
The AHP is a multi-criteria decision-making technique proposed by Saaty [45] in 1970s. It is a widespread technique for making decisions in today world. It is also indispensable method for managers to make decisions on a broad domain of complex problems which involve technology choice, designing and planning of products, forecasting, and modeling risks and opportunities. In AHP technique the complex problem is composed into subproblems for simplifying it. The pair-wise comparison judgments of AHP technique are used to calculate weight of each criterion in the problem. The neutrosophic AHP technique expands Saaty AHP by integrating it with neutrosophic set theory. In neutrosophic AHP, neutrosophic ratio scales are utilized for indicating the relative significance of the factors of the corresponding criteria. The neutrosophic numbers are used for indicating the relative importance of criteria and alternatives and a score function is utilized to convert neutrosophic numbers to its crisp values [46] .
Developed in 1981s by Hwang and Yoon, the TOPSIS technique was to solve multi-criteria decision making (MCDM) problems. The selected alternative is the one with the shortest distance to the ideal positive solution and with the longest distance from the ideal negative solution. The TOPSIS technique applied in several applications such as supplier selection, location selection, ranking of carrier alternatives, and company evaluation [47] . In neutrosophic TOPSIS, the values are neutrosophic values and the process includes neutrosophic mathematical techniques.
The detailed steps for the suggested methodology are as follows:
Step 1: Determine the objective of your study, and identify criteria and sub-criteria for constructing decision hierarchy.
Step 2: Use the neutrosophic scale which was provided in Table 1 to construct comparison matrices of criteria and sub-criteria. In decision maker judgments if ''first criterion is slightly important than second criterion'', then we put in comparison matrix this triangular neutrosophic scale ⟨(2, 3, 4)⟩. Contrariwise, the comparison of second criterion to first criterion will take the triangular neutrosophic scale as ⟨( )⟩, not only this we should concatenate each triangular neutrosophic number with the sureness degree (i.e. the truth degree, indeterminacy degree, and falsity degree) for considering it in our calculations. The sureness degree returns to decision makers opinions. Then as example, the previous judgment in the comparison matrix has the following form ⟨ (2, 3, 4) ; 0.9, 0.3, 0.1⟩. The value (2, 3, 4) is a triangular neutrosophic scale since 2 is the lower bound of triangular number, 3 is the median value and 4 is the upper value, (0.9, 0.3, 0.1) is the sureness degree and determined according to decision maker opinion. We should also note that the components of sureness degree (truth, indeterminacy, and falsity degree) are independent.
Table 1
The triangular neutrosophic scale of neutrosophic AHP. 
If we have more than on decision maker in the evaluation process then, we should aggregate all decision makers' opinions to obtain the final comprehensive preference values through taking the mean values of all decision makers' preferences.
Step 4: Check consistency of decision maker's judgments. To measure consistency rate divide the consistency index (CI) by a random consistency index (RI). The consistency value (CR) should not exceed 0.1.
The detailed steps for calculating CR presented in [48] .
Step 5: Calculate weight of criteria from comparison matrices.
Step 6: For assessing risks apply TOPSIS technique:
-Construct the decision matrix by comparing the probable risks relative to each criterion, via utilizing the triangular neutrosophic scale which presented in Table 1 . If you have more than decision maker (expert) in your problem then aggregate the decision matrices for obtaining the final decision matrix regarding to experts committee. Thereafter use the score function to transform neutrosophic matrix to crisp matrix by using Eqs. (1) and (2). -After Constructing decision matrix which composed of m probable risks and n criteria, then a normalization process for obtaining the normalized decision matrix should be performed. Since the crossing of each alternative and criteria denoted as x ij and then we will obtain (x ij ) m * n matrix.
The normalized decision matrix obtains by using the following Equation: v ij = w j * r ij (4) -Calculate the positive A + and negative ideal solution A − using the following:
where J + associated with the criteria which have a beneficial influence and J − associated with the criteria which have a non-beneficial influence.
-Calculate the Euclidean distance among positive (d 
-Calculate the relative closeness to the ideal solution and make the final ranking of alternatives.
Based on the largest c i value, begin to rank alternatives.
Step 7: According to your rank of alternatives, take your final decision.
Step 8: Validate your proposed model. The graphical representation of the proposed integrated methodology presented in Fig. 7 .
Numerical illustration
For achieving the purpose of our research and quantifying risks in supply chain, the supply chain's risks was divided into 5 parts which involve processes and flows of the supply chain both inner and outer the focal firm. These parts are as follows 1. Distribution /transport, 2. Manufacturing, The main objective of supply-chain in our case study is achieving the customer value which drives by ''perfect order''.
At various production or selling phases, several risk factors exist and affect on achieving goal of supply chain ''customer value'' through making ''perfect order''.
We tested the theoretical model in an enterprise which sold non-perishable goods, in other words, items of food with long shelf lives. They did not require any type of refrigeration and did not spoil with time. The fir's supply chain could have the following tasks: (1) guarantee a high level of service (wanted by the customers) and (2) deal with fragmented few ones (that were of large value with periodic product enhancements) and orders. The desired agility of the firm could suffice the theoretical case of the model. Additionally, the enterprise had many signals of a minimum/maximum value. This could lead to the case that the maximum/ minimum on account of the robust correlation impact between factors. A careful estimation of risk factors should therefore be appropriate for this case.
By using the proposed methodology for solving this case study the steps will be as follows: Table 2 The final comparison matrix of criteria according to objective with respect to manager's opinions. Step 1: Construct the cognitive map:
In this phase we invited four experts who are:
1. Logistics manager, 2. Warehousing manager, 3. Customer-care director, 4. Purchasing manager.
Our goal in the case study is to achieve customer value which driven from ''perfect order''. In order to identify criteria which required for achieving case study objective, we prepared a questionnaire.
A sample of questionnaire which prepared to gather information about goal's criteria and the probable risks of supply chain illustrated in Appendix.
The key criteria for achieving objective of our case study according to experts opinions are as follows:
1. On-time delivery, 2. Order completion, 3. Free delivery of damage/defect.
In order to achieve supply chain goal we should firstly determine all probable risks which surely affect goal, and to do this we asked managers to determine risk factors and problems which could influence their job-objectives. We used the online questionnaire and personal interviews for obtaining information from supply chain experts and make a representation of cognitive map.
The risks which affect the objectives according to expert's opinions were as follows: The cognitive map for estimating risks which affect customer value presented in Fig. 8 .
Step 2: Use the neutrosophic scale which provided in Table 1 to construct comparison matrices of criteria which here considered objectives to achieve ''customer value''. For prioritizing the criteria, the individual estimations of managers from various areas were taken into account. Since we have four experts (managers) in our case study then, we construct the comparison matrix according to each manager's opinion and aggregate all matrices to obtain final comparison matrix of criteria.
The final comparison matrix of criteria presented in Table 2 Step 3: Use the score function which represented by Eq. (1) to transform neutrosophic matrix to crisp matrix as in Table 3 .
Step 4: Check consistency of decision maker's judgments.
By checking consistency of the previous matrix using super decision software, we noted that the matrix is consistent with consistency ratio (CR) = 1%.
Step 5: Calculate weight of criteria from comparison matrices: we used super decision software for calculating weight and presented it in Table 3 . Table 3 The crisp comparison matrix of criteria according to objective with respect to manager's opinions.
0.17 0.25 1 0.1
Table 4
The normalized decision matrix. According to sub-objective, on-time delivery is the most significant sub-objective for achieving overall objective ''customer value''. It followed by free delivery of damage/defect of required products, and order completion. These three sub-objectives are the key for achieving general objective ''customer value''.
Since the quantifying process of risks is helpful in fulfilling the objective then, we will measure the weight of each risk for managing and controlling them. In order to measure the probable risks in our case study which appeared in Fig. 8 , we will apply TOPSIS technique.
Step 6: Construct the decision matrix by comparing the probable risks relative to each criterion, via utilizing the triangular neutrosophic scale which presented in Table 1 . If you have more than decision maker (expert) in your problem then aggregates the decision matrices for obtaining the final decision matrix regarding to experts committee. Then use the score function to transform neutrosophic matrix to crisp matrix using Eqs. (1) and (2) .
After Constructing the decision matrix which composed of m probable risks and n criteria, then a normalization process for obtaining the normalized decision matrix should be performed. Since the crossing of each alternative and criteria denoted as x ij and then we will obtain (x ij ) m * n matrix.
The normalized decision matrix obtains by using Eq. (3) and presented in Table 4 Step 7: Structure the weighted matrix through multiplying criteria's weights w j , which obtained from AHP by the normalized decision matrix r ij .
The weighted matrix presented in Table 5 . (7), (8) . d 
Step 10: Calculate the relative closeness to the ideal solution by using Eq. (4), and make the final ranking of alternatives. The rank of risks for showing their harmful impact presented in Table 6 . So, the very harmful risks which affect the achievement of the company goal are presented in Fig. 9 .
After understanding supply chain of firm and quantifying its potential risks, we can execute an efficient program for supply chain risk management. This program should provide three things: protection of supply chain, reacting to events, and keeping business operations while regaining from events.
Since the warehousing and production interruption is the most harmful risk on achieving customer value, then the firm must Table 6 The ranking of probable risks according to its harmful degree. propose a treatment plan to overcome this risk. According to firm's experts, the interruptions would be at the most danger level when we permit it to impact us long enough after restoring to our premier task. In order to avoid this risk we should do the following:
• Plan effectively to ward interruptions, • Attack procrastination to structure insistence with amputate deadlines,
• Limit inputs, • Batch outputs,
• Communicate warehousing and production schedule to others,
• Begin with the main point.
• Split warehousing and product phases into targets.
Comparing proposed work with other existing methods
The proposed methodology which depends on the AHP and the TOPSIS integrated with neutrosophic theory for quantifying risks in a supply chain. It has been estimated and compared with other existent approaches in this section:
The integrated method presented in this research can be effective to quantify risks by following our recommended steps. However, this approach has some drawbacks such as:
• Their method did not take into account the indeterminacy degree that usually exist in real world and then, the obtained results are not accurate.
• They considered only the truth membership function, and this does not represent the natural process of decision making.
• They did not provide in their research the detailed steps of managing risks.
• Their failure to address the vagueness and uncertainty effectively made their taken decision inaccurate.
Also the analytic hierarchy process has been applied by Gaudenzi and Antonio [49] for managing risks in supply chain, but their method has drawbacks:
• The judgments of decision makers for constructing comparison matrices of criteria and alternatives are crisp values.
• The information given to the decision makers can be incomplete, vague, and inconsistent in nature, then crisp value was not the right choice.
• Their methods exactly failed to deal with incomplete, vague and uncertain information.
• The obtained results are not accurate, and then the taken decision was not precise.
The author in [50] , also managed risks by using qualitative method and also it have drawbacks:
• The results of qualitative estimation are generally descriptive and do not offer an accurate measurement of risk.
• It also requires a great support form quantitative methods.
• The success of the estimation process is determined by the manner it is documented and summarizing the data for processing.
• The risk management decisions in qualitative methods are not exactly accurate.
Conclusions and future work
Due to the highly vehement environments which supply chains face current and enduring emphasis on growing efficiency, the risks in the supply chain are increased. A supply chain extends over many countries and brings various types of risks. All these types of risks made us try to measure and manage it. The risk is intangible parameters and hard to measure, and almost research topics used qualitative estimation which are generally descriptive and do not offer an accurate measurement of risk.
Some researchers used quantitative methods for measuring risks in supply chain but they failed to consider indeterminacy which exists usually in real world. So, their results were not accurate and also their risk management decisions.
In this research we integrated AHP with TOPSIS technique using neutrosophic set for better dealing with uncertainty, vagueness and inconsistency of information. The proposed method could be used in quantifying risks of supply chain, since it was applied to a real case study for validation.
The evaluation process of supply chain risks is presented by using triangular neutrosophic numbers in comparison matrices. For transforming triangular neutrosophic number to its equivalent crisp value we utilized a score function
The suggested methodology has accomplished many advantages for transacting with vague and uncertain and inconsistent information that usually exist in estimation process of supply chain risks.
In the future, we will quantify risks in a supply chain by using various MCDM techniques and compare among their results.
Limitation of proposed research
More involvements from more companies will make our research better.
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